Abstract. Aberrant microRNA expression is common in colorectal cancer and DNA methylation is believed to be responsible for this alteration. In this study, we performed evaluation in vivo and in vitro to determine the role of miR-181b as a potential diagnostic and prognostic biomarker in colorectal cancer. Ninty-seven pairs of colorectal cancer tissues and adjacent normal tissues were collected. The expression level and methylation status of miR-181b was determined in tissue samples and multiple colorectal cancer cell lines. RASSF1A, a predicted target gene of miR-181b, was investigated in vitro. Further mechanistic explorations were conducted. It was found that miR-181b expression was frequently downregulated in cancer samples. This lower expression level resulted from higher hypermethylation in cancer tissue and was closely related to TNM stage. Following artificial synthesis of miR181b stimulation, colorectal cancer cell proliferation was greatly inhibited in CRC cells while apoptosis percentage markedly increased. miR-181b achieved the tumor suppressive effects via direct targeting of the RASSF1A gene. This study indicated the clinical significance of miR-181b and the influence of miR-181b promoter region in epigenetic silencing of tumorigenicity in colorectal cancer, and implied the possible usage of miR-181b as a diagnostic and prognostic biomarker in colorectal cancer.
Introduction
Colorectal cancer (CRC) has one of the highest prevalence rates of solid tumor world-wide and thus represents a significant financial burden for society (1, 2) . It is a practical issue to identify effective diagnostic and prognostic biomarkers. The more we understand about the innate biological mechanism of CRC, the better the optimal clinical outcome will be to benefit patients and reduce the burden of this disease.
In the past, research and clinical practice paid most attention to protein coding gene alteration and subsequently effect in CRC initiation and progression (3, 4) . Nowadays, a class of small (18-24 nucleotide) non-coding RNAs, microRNAs (miRNAs), are focussed on considering their role in regulating the transcription of multiple target mRNAs (5) . A decade ago, it was found in chronic leukemia studies that more and more miRNA molecules were confirmed to be involved in the occurrence and development of a variety of cancers including CRC (6) (7) (8) . A previous study explored a panel of altered miRNAs in CRC and reported differential expression levels in patient samples (9) . Both elevated miRNAs and decreased miRNAs were found from multiple study resources. Thus indicating the role of miRNAs in CRC progression (10) (11) (12) .
Extensive research is being conducted in order to clarify the direct target of a specific miRNA, evaluating the feasibility of a specific miRNA as diagnostic and prognostic biomarker and regulation of the process. miR-181b was recognized as one of the most important miRNAs that regulate tumor initiation and progression (13, 14) . A recently released case-control study reported downregulation of miR-181b in 30 CRC tissue samples compared to paired control. In contrast, earlier study reported high expressed miR-181b in CRC samples (15, 16) . This controversial result indicates that more research should be conducted to explore the role of miR-181b in CRC as well as the involved mechanisms.
A relatively large study group was recruited in the present study to further determine the expression of miR-181b in CRC tissues and paired normal tissues, and to evaluate the association between the miR-181b expression level and the clinicopathological factors. Epigenetic status of miR-181b was also investigated. In vitro functional study, including target genes identification, cell proliferation and invasion and metastasis ability, was also conducted in multiple colorectal cancer cell lines. Cell proliferation and colony formation. To evaluate cell viability, 1x10 4 cells from mock control and transfected groups were seeded in the 96-well plates for 48 h. The plates were added with 100 µl MTT (Sigma-Aldrich) for each well and incubated for 4 h. Surviving cells developed purple formazan crystals and were air dried at room temperature for 30 min. The cell viability was quantified at the absorbance value A490 using iMark Microplate absorbance reader (Bio-Rad, Hercules, CA, USA).
Patients and methods

Patients
Colony formation assay was performed in transfected and mock control groups. Cells (1x10 3 ) were seeded in a 6-well plate in each well, and incubated for 72 h at 37˚C. The colonies were then fixed with 20% methanol for 10 min at room temperature following 0.1% crystal violet (Sigma-Aldrich) staining. The number of colonies for each group was counted.
DNA methylation analysis. DNA was bisulfite modified using the commercial DNA methylation kit (Invitrogen, Carlsbad, CA, China). PCR primers were designed using MethPrimer software miR-181b primer, forward, 5'-TAAGCGATAGAA GGTAGTG-3' and reverse, 5'-CAAACTACCTTATTATAA TTATAACA-3'.
The PCR cycle conditions were as follow: initial denaturation at 94˚C for 7 min, 45 cycles at 94˚C for 30 sec, 52˚C for 30 sec, and 72˚C for 30 sec.
A total of 6 µl amplified PCR was used for electrophoresis in a 2% gel. To increase the efficacy of this procedure, MSPs were analytically validated using DNA methylated with CpG Methylase (M.SssI) (New England Biolabs, Hitchin, Herts, UK) from placental tissue as positive control, and normal human lymphocyte DNA as unmethylated control.
Apoptosis analysis. Cell apoptosis analysis was performed by flow cytometry with commercial Annexin V-FITC apoptosis detection kit I (BD Pharmingen, San Diego, CA, USA). The nuclear apoptosis was evaluated by Hoechst 33342 (Qiagen, Hilden, Germany) staining according to the instructions of the supplier. The morphology was detected and recorded by a fluorescent microscope (Nikon 3200; Nikon, Tokyo, Japan) at excitation of 350 nm and absorbance at 460 nm.
Exogenous miRNA transfection. Cells were seeded into cell culture plates at density of 1x10 6 and harvested following 48 h incubation when cells reached 70% confluence. Exogenous miRNA-181b (GenePharma, Shanghai, China) was transfected in to cells by using Lipofectamine 2000 (Invitrogen) at final concentration of 50 nM according to the manufacturer's protocol. Mock control was also set up with same procedure, and quantitative PCR (qPCR) was performed 48 h posttransfection.
RNA interference. For siRNA, the following sequences were used: 5'-GACCUCUGUGGCGACUUCA-3', 5'-GGUUUUG GAUCUUGAAUGU-3' and 5'-GGAUAUCCUUAUCAGA GCU-3'. All oligonucleotides (Thermo Fisher Scientific, Waltham, MA, USA) were delivered into HeLa cells and were harvested 48 h after transfection. Knockdown efficiency was validated with RT-PCR.
Luciferase report system identifies miR-181b target gene.
Transfection of wild and mutated miR-181b binding sequences (Sangon, Shanghai, China) in the 3'UTR of RASSF1A were carried out in SW480 cells with pMIR-Report Luciferase plasmid (Life Technologies, Carlsbad, CA, USA) at final concentration of 500 ng for 24 h incubation, and 50 nM miR181b or miR-control vector were next transfected into cells for further 24 h incubation. Comparison of luciferase activity from different groups was then conducted.
Real-time qPCR. TRIzol (Invitrogen) was used to extract total cellular RNA from the CRC tissue samples and cell pellets as per instructions of the manufacturer. UV spectrophotometer was used to detect the purity and concentration of total RNA, which was diluted with water treated pyrocarbonate (DEPC). Then, liquid nitrogen was used to freeze and store the total RNA at -80˚C. M-MLV Rtase cDNA Synthesis kit (Invitrogen) was used to synthesize complementary DNA (cDNA) stands with RNA as a template. In order to evaluate transcript expression, gene-specific primers were used in a 20 µl reaction which contained 2 µl of template cDNA, 10 µl of 2X SYBR-Green Master Mix, 1 µl of 10 µmol/l primers, 2 µl of ddH 2 O and 4 µl of 25 mmol/l Mg 2+ . Then the solution was administered to a ABI Prism 7500HT sequence detection system (Applied Biosystems, Foster City, CA, USA) for the following sequence of cycles: 3 min at 95˚C which was immediately followed by 40 consecutive cycles at 95˚C for 10 sec and lastly 30 sec at 60˚C. Moreover, comparative cycle threshold (CT) method was applied to calculate the level of transcripts by using RNU48 as an endogenous control. The final results were calculated by using 2 -∆∆Ct method. The method involved estimating ∆Ct for each sample by subtracting the Ct value of genes from the Ct value of RNU48, which served as a controlled variable. However, Ct values of triplicates having a standard deviation of <0.20 were acceptable. The product of MSP was kept at 4˚C, and analyzed by gel electrophoresis.
Western blot analysis. Manufacturer's instructions were followed throughout the procedures (Abcam, Cambridge, UK). Briefly, cells were centrifuged and lysed in solution. Proteins were loaded into the wells of the SDS-PAGE gel along with molecular weight markers. Afterwards, electro-transference of proteins on nitrocellulose membrane took place, which was immediately followed by blocking the membrane overnight at 4˚C or for 1 h at room temperature using 5% blocking solution. Moreover, the membranes were subjected to overnight incubation (at 4˚C) with various primary antibodies alongside horseradish peroxidase-conjugated secondary antibodies for 1 h (at room temperature). Anti-β-actin antibodies were obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA) while anti-RASSF1A antibodies were from Cell Signaling Technology, Inc. (Danver, MA, USA).
Statistical analysis. SPSS 13.0 (SPSS Inc., Chicago, IL, USA) was used for all data in statistical analysis. Numerical data were performed with mean ± standard deviation (SD). Statistical analysis was performed using the Student's t-test. Category data are displayed with actual number and percentage. Depending on sample size, Chi-square test or Fisher's exact test were performed. Each experiment was carried out in triplets or repeated at least twice. P-value <0.05 was adopted as significant.
Results
Declined expression of miR-181b in CRC cell lines and tumor tissues.
The expression of miR-181b was first detected in 97 pairs of CRC tissues and adjacent normal tissue samples. Compared to normal tissue samples, the tumor tissues exhibited lower levels of miR-181b in 65 out of 97 samples (Fig. 1A) . Furthermore, four primary colorectal carcinoma cell lines (HCT-29, HCT116, SW480 and SWS116) were analyzed revealing the universal downregulation of miR-181b in the tested CRC cell lines (Fig. 1B) . Because of the lowest expression level of miR-181b in SW480, it was selected for further functional study.
Association of reduced miR-181b expression and clinicopathological features in CRC.
Based on relative expression levels in tumor and normal tissue (tumor/normal <0.05), patients were divided into lower expression and higher expression (Table I) . Results revealed a tightly linked association between the expression of miR-181b and CRC clinical stage. The patients with downregulation of miR-181b expression were statistically associated with high differential grade (P=0.042) and advanced stage (P=0.028, Fisher's exact test).
miR-181b is epigenetically silenced in colorectal cancer.
Compared to adjacent non-tumor tissues, our MSP results indicated more frequent miR-181b epigenetic silencing in the 97 tumor tissues (P<0.05) (Fig. 2A) . Receiver operating characteristics and the area under the curve (AUC) derived from receiver operating characteristics further confirmed higher methylation of miR-181b in CRC than that of the null hypothesis (P<0.05; AUC=0.72; 95% CI, 0.54-0.86) (Fig. 2B) .
The randomly selected representative results of MSP analysis in CRC tumor tissues and paired adjacent non-tumor tissues are presented in Fig. 2C . Furthermore, the universal methylated status in the four CRC cell lines was detected. Following treatment with 5 nmol/ml 5-AZA, significant demethylation occurred in all cell lines (Fig. 2D) .
miR-181b inhibits colorectal cancer cell proliferation.
In the next cell functional study, miR-181b mimic was introduced into cells. Transfected efficiency evaluation with qRT-PCR revealed that miR-181b increased by >4-fold in miR-181b transfected SW480 cells (Fig. 3A) . Furthermore, the MTT proliferation assay showed that cell growth rate was reduced in miR-181b mimic-transfected SW480 cells when compared with control cells (Fig. 3B) . Colony formation assay provided visible evidence in which miR-181b mimic-transfected SW480 cells had less colony formation compared to the control parental cells (Fig. 3C) .
miR-181b targets 3'UTR of the tumor suppressor RASSF1A.
We searched miR-181b putative targets using online databases (TargetScan, microRNA.org and PicTar). To validate this interaction, we introduced a mutant 3'UTR fragment of RASSF1A in our experiment (Fig. 4A) . Results showed that the relative luciferase activity of RASSF1A wild-type was significantly Table I . Association between miR-181b mRNA expression and methylation status and clinicopathological features in colorectal carcinomas. elevated by miR-181b compared to RASSF1A mutation type and control mimics (Fig. 4B) . The mRNA expression and protein levels of RASSF1A, after transfecting SW480 cells with miR-181b, significantly increased compared with control transfection (Fig. 4C and D) . miR-181b and RASSF1A were positively expressed in CRC cell lines and specimens. Fifty patients were randomly chosen to evaluate the clinical relevance of the expression of miR-181b and RASSF1A. We found that the downregulated miR-181b was statistically correlated with decreased expression of RASSF1A in the CRC tissues (Fig. 4E) .
Clinical and miR-181b pathological ----------------------------------------------------
RASSF1A mediated miR-181b-induced colorectal cancer cell apoptosis. To elucidate RASSF1A-mediated effects of miR-181b on CRC cell apoptosis, RASSF1A knockdown cells were used (Fig. 5A) . Flow cytometry was utilized to examine the percentage of cell apoptosis in SW480 cells. As expected, apoptotic percentage increased in cells with miR-181b mimic treatment, which was evaluated by Annexin V staining, and no significant apoptosis was observed in RASSF1A knockdown cells (Fig. 5B and C) . Morphology of the Hoechst 33342 stained cells further confirmed the enhanced apoptotic rate in miR-181b mimic-transfected cells (Fig. 5C ).
Discussion
The present study found that downregulated miR-181b was a frequent event in 97 human CRC samples. The statistical association between lower expression of miR-181b and tumor stage was further observed. Together, it suggested miR-181b may be involved in colorectal cancer carcinogenesis and progression. Our results found the methylation status of miR-181b CpG island to be universal in colorectal cell lines and it is also responsible for tightly regulating the miR-181b expression in tissues and cells. This suggested that evaluation of methylation status in miR-181b is a potential diagnostic marker for CRC. Furthermore, overexpression of miR-181b induced apoptosis in CRC cells and cell growth inhibition was observed. miR-181b achieved this regulation function through direct targeting of the RASSF1A gene. The positive correlation between miR181b and RASSF1A in CRC tissue samples further validates this observation. Also, our results revealed the significantly positive correlation between miR-181b in tissue and circulating miR-181b (Fig. 6) , which suggested the potential biomarker role of miR-181b in clinic.
Aberrant transcription of microRNAs in CRC is diverse due to the complex regulation of miRNAs. Previous studies reported overexpression of miRNAs such as miR-21, and let-7g in CRC (9) , while other studies provided evidence for lower expression of miRNAs including miR-31 and miR-92a (14) . As for miR-181b, both upregulation and downregulation was reported in CRC studies (9, 15, 17) . The expression level of miR-181b was reported to correlate with chemo-response in colorectal cancer and with poor survival in stage III colorectal cancers (18) (19) (20) . While another miRNA study containing 113 CRC cases and 89 controls, declared that the lower expression of miR-181b can be used as a noninvasive biomarker for the diagnosis of CRC with relatively high sensitivity and specificity (9) . The present study found downregulated miR-181b in 97 human CRC samples. The different results may be explained by the diversity in the characteristics of various types of cancers, polymorphism in miRNA coding region or binding sites.
Epigenetic mechanisms are considered to be responsible for aberrant microRNA expression levels (21) . Multiple studies have reported the frequency of hypermethylation of miRNAs in colon tumors and cell lines such as let-7, miR-34, miR-342, miR-345, miR-9, miR-129 and miR-137 (22).
However, no study reported methylation of miR-181b in colorectal cancer. Our results indicate that the methylation status of miR-181b was universal in colorectal cell lines and this methylation is thought to lead to reduced expression in tissues and cells.
It is commonly accepted that microRNAs can contribute to global epigenetic regulation in CRC (23) (24) (25) . For example, miR-143 is found to be a tumor suppressor which directly targets DNA methyltransferase 3A (DNMT3A) and leads to decreased DNMT3A in CRC tissues (26) . This study chose RASSF1A as a target candidate according to the widely used miRNA target predication databases (27, 28) . The binding effect between RASSF1A and miR-181b was confirmed by the luciferase reporter. Further knockdown experiment revealed that RASSF1A mediated miR-181b induced apoptosis in CRC cell lines. Their positive correlation was also validated in tissue samples. RASSF1A is a well-known tumor suppressor and downregulated expression of RASSF1A has been reported in CRC (29-31) . The association outcomes observed between miR-181b and RASSF1A mRNA expression indicated that exog- enous miR-181b successfully stimulated RASS1A transcription level and subsequently contributed to tumor suppression. Our result therefore obtained a detailed explanation with regards to elevated cell apoptosis following miR-181b mimic stimulation and further provide evidence that miRNA-target interactions primarily influenced the target mRNA translation efficiency.
In general, frequent hypermethylation at the promoter region of miR-181b mainly contributes to the lower expression of miR-181b and advanced clinical stage in colorectal cancer tissues. Functionally, overexpression of miR-181b influences tumorigenicity of CRC cells in multiple levels by directly binding to tumor suppressor RASSF1A and stimulating its expression. This study provides evidence for the clinical significance of miR-181b methylation status as diagnostic biomarker and potential target in colorectal cancer treatment. 
